Background and purpose: Posterior communicating artery (PComA) aneurysm seems to behave uniquely compared with other intracranial aneurysms at different locations. The association between the morphology of the carotid siphon and PComA aneurysms is not well known. This study aimed to investigate whether the anatomical characteristics of the carotid siphon are associated with the formation and rupture of PComA aneurysms. Methods: One hundred and thirty-two patients were retrospectively reviewed in a monocentric case-control study. Sixtyseven consecutive patients with PComA aneurysms were included in the case group, and 65 patients with anterior circulation aneurysm situated in other intracranial locations were included in the control group, matched by age and sex. Morphological characteristics of the carotid siphon were analyzed using angiography images. A univariate analysis was used to investigate the association between the morphological characteristics and the formation of PComA aneurysms. Furthermore, a subgroup analysis within the case group compared ruptured and non-ruptured PComA aneurysms. Results: Patients with PComA aneurysm had a significantly (1.31 AE 0.70 vs. 0.82 AE 0.46; P < 0.001) larger PComA. No association was observed between the morphological characteristics of the carotid siphon and the presence of a PComA aneurysm. Likewise, subgroup analysis showed no significant association between morphological characteristics of the carotid siphon and aneurysm rupture.
Introduction
Posterior communicating artery (PComA) aneurysms are among the most frequently encountered intracranial aneurysm (IAs), representing 15-25% of all IAs. 1, 2 Recent studies showed that PComA aneurysms were more likely to rupture than aneurysms in other locations, especially small ones. 3, 4 Therefore, PComA IAs appear to be more hazardous than aneurysms in other locations. 5 Moreover, recent studies highlight the significance of not only aneurysm size, but also location and morphology, regarding the prediction of rupture risk. [5] [6] [7] These studies did not specifically evaluate the morphological characteristics of the vascular environment of PComA aneurysms, specifically the carotid siphon of the internal carotid artery. We investigated the morphological characteristics of the carotid siphon to assess their association with PComA aneurysm formation and rupture.
Methods Population
This was a retrospective analysis of consecutive patients treated for PComA IA in our center and diagnosed by digitally subtracted angiography (DSA) from January 2013 to December 2014. DSA indications were based on multidisciplinary decision according to our local institution protocols for IA management. All patients considered for treatment of IAs were enrolled regardless of their clinical condition (ruptured aneurysm or asymptomatic) and their definitive therapeutic management (endovascular, surgical or abstention). Thus, all patients with DSA-diagnosed PComA IA were included in the study, and their clinical charts were recorded and gathered as the case group. For each patient, demographic variables (age and sex) were assessed, and a matched control group for age and sex was formed from selected patients treated in our center for non-PComA IA diagnosed by DSA from November 2012 to December 2014. The same DSA indications, decisions and protocols applied to both groups. Thus, all patients in the control group had a DSA-proved IA of the anterior circulation at a different location than PComA. The patients in the control group were not consecutive, since we included only patients matched for age and sex with the patients of the case group. Therefore, patients in both groups were matched by demographic criteria only. Our local institution Ethics Committee approved this study.
Morphological characteristics of the carotid siphon: DSA assessment
Vasculature morphological characteristics of both groups were assessed using DSA images. All DSAs were performed before any therapeutic procedure, on a flat detector-based biplane angiographic system. Various angiographic catheters and contrast media injection flow rates were used, depending on the interventional neuroradiologist's preferences. All angiographic examinations systematically included a strict lateral projection of the internal carotid artery (ICA) cerebral angiogram. Digitally subtracted images were retrospectively reviewed, and morphologic variables were consensually assessed in all patients by three reviewers (P.E.L., C.G., G.D.).
The morphologic variables recorded were the size of the PComA next to its ostium, the angle between the superior segment of the carotid siphon and the initial 3 mm of the PComA (angle alpha, a), the angle between the superior segment of the carotid siphon and the aneurysm axis (angle beta, b), the angle between the initial 3 mm of PComA and the aneurysm axis (angle gamma, g), and the global morphology of the carotid siphon according to the USCV classification. 8, 9 Angle measurement is illustrated in Figure 1 . In the case group, additional morphological variables were gathered for additional subgroup analysis: presence of a bleb on the aneurysm sac, size of the aneurysmal dome, neck and aspect ratio. 10 
Statistical analysis
Continuous variables were described as mean (m) and standard deviation (SD), and compared using the nonparametric Wilcoxon test. Categorical variables were compared using 2 or Fisher's exact test, as appropriate (SPSS Inc.). We first assessed the prevalence of all morphological characteristics of the carotid siphon and the significance of continuous variables in the PComA aneurysm case group. Then, in a subgroup analysis, we assessed the relationship of these characteristics with the intrinsic morphological characteristics of the aneurysm, and with the occurrence of aneurysmal rupture in a dichotomized ruptured and unruptured patient subgroup.
Results
During the study period in our center, 436 patients underwent DSA for the evaluation of IA. Of these patients, 67 harbored PComA aneurysms, and constituted the case group. Sixty-five matched patients were assigned to the control group. Thus, 132 total patients were enrolled in the study and included in the analysis. As patients were matched 'one by one' in both groups, we report no statistical differences regarding age (P ¼ .678) and sex (P ¼ .761) between groups.
Prevalence of morphological characteristics of the siphon in the PComA aneurysm case group
The prevalence of morphological characteristics in patients with PComA aneurysm is shown in Table 1 . In univariate analysis, a larger PComA (1.31 AE 0.70 mm) was significantly associated with the occurrence of a PComA aneurysm (P < .0001). It was the only morphological variable of the surrounding vasculature significantly associated with the occurrence of aneurysm at this location. Therefore, none of the morphologic types of the carotid siphon or its angulation or geometrical properties were associated with occurrence of PComA aneurysm. 
Relationship with aneurysmal rupture
In the case group, 41 patients presented a ruptured aneurysm, while 26 patients harbored an unruptured aneurysm. The relation between morphological characteristics of the carotid siphon and rupture of the PComA aneurysm is shown in Table 2 . Ruptured aneurysms were not significantly associated with the morphology of the carotid siphon, as 'U' type (P ¼ .256), 'S' type (P ¼ .195), 'C' type (P ¼ .675) and 'V' type (P ¼ .496) showed no statistically significant association with aneurysm rupture. Nevertheless, it was reported that aneurysms with a wider angle (115.99 AE 29.42 ) between the superior segment of the carotid siphon and the aneurysm axis were more often associated with rupture (P ¼ .08), but this trend was not statistically significant. Intrinsic aneurysmal morphologic characteristics, such as larger dome size (P ¼ .04), higher aspect ratio (P ¼ .0003) and the presence of a bleb on the aneurysmal sac (P < .0001), had a statistically significant association with aneurysm rupture.
Discussion
Although turbulence and shear stress are described as promoting IA formation, [11] [12] [13] our study found that only a larger PComA caliber was significantly associated with PComA aneurysms. We did not find any significant association between the morphological anatomy of the siphon and the occurrence of PComA aneurysms. We considered and examined various aspects of the morphologic variables, and to our knowledge this case-control study is the first to take them into consideration regarding the formation of IAs. Whereas PComA is a frequent location of IAs in human vasculature, situated in a very variable geometry of the parent vessel, the morphology of the surrounding vasculature had no substantial association. The more acceptable hypothesis regarding the initiation of IAs considers local blood flow hemodynamics as a key factor. 12, [14] [15] [16] The carotid siphon is a tortuous segment of the carotid artery, which induces turbulence and 'regional' hemodynamic stress due to this morphology. 8, 17 As previously reported, 6, [12] [13] [14] these results argue that IA initiation should respond to the intensity of the local hemodynamic stress (such as the flow rate in the PComA) and not to the stress and turbulence of the surrounding vasculature flow (such as the tortuosity of the carotid syphon). This particularity could be considered while exploring the singular natural history and high frequency of PComA aneurysms in the human intracranial vasculature.
Subarachnoid hemorrhage is a very serious consequence of aneurysm rupture, 18, 19 especially when associated with PComA aneurysm rupture, probably due to the proximity of the temporal lobe. 5, 7 In our case-control study, the architecture of the surrounding vasculature was not associated with rupture. No morphological characteristics of the carotid siphon and no angulation between the aneurysm, the PComA and the ICA were clearly associated. Although not statistically significant, we report a trend association of aneurysms with a wider angle between their axis and the ICA with rupture (P ¼ .08). Moreover, the intrinsic morphologic characteristics of the aneurysm itself (size (P ¼ .04), aspect ratio (P ¼ .0003) and presence of bleb on the aneurysm sac (P < .0001)) were strongly associated with aneurysmal rupture, as previously reported in the literature. 10, 15 The size of the aneurysm is usually the major criterion for predicting rupture; hence its importance in treatment decisions for unruptured IAs. 15, 20 However, recent studies have shown that PComA aneurysms rupture at smaller sizes than would be expected based on the International Study of Unruptured Intracranial Aneurysms (ISUIA). 21, 22 Authors argue that in this specific location, the higher rupture risk is due to the particularly intense flow, inducing hemodynamic stress. 2, 5 Recent study has also shown that ruptured PComA aneurysms are associated with lateral projection of the aneurysm dome 5 and that the morphological relationship between the aneurysm sac and its parent vessel should play a key role in aneurysm growth and rupture. 23 But according to our findings, the surrounding vasculature should be guardedly considered when evaluating the risk of an unruptured PComA aneurysm.
The limitation of our case-control study is its retrospective design at a single institution. In addition, the morphological characteristics were assessed on bidimensional DSA, which was insufficient to evaluate all the morphological characteristics of the surrounding vasculature and intra-aneurysmal flow dynamics.
Conclusion
Our case-control study shows that in PComA aneurysm location, the morphology of the surrounding vasculature and its geometric relation with the PComA aneurysm seem not to be related to aneurysm formation and rupture.
Declaration of conflicting interests
The authors declared no potential conflicts of interest with respect to the research, authorship, and/or publication of this article.
